Introduction
Behçet's disease (BD) is a systemic disease characterized primarily by recurrent oral and genital aphthous ulcers, uveitis and skin findings. Involvement of the central nervous system (CNS), referred to as neuro-Behçet's disease (NBD), is less frequent than the other major presentations, but is one of the most serious complications of BD. NBD can occur either as a result of inflammation within the CNS or of vascular complications. NBD shows a variety of manifestations, including aseptic meningitis, increased intracranial pressure, meningomyelitis, brainstem involvement, pyramidal signs, cerebellar signs, sensory signs, and psychosis or dementia [1] [2] [3] . The most serious symptom is slowly progressive dementia or psychosis, which is resistant to immunosuppressive treatments and can result in severe deterioration of the patients' personality. Few immunological markers are known to be associated with the activity or pathogenesis of NBD [4, 5] .
B cell-activating factor belonging to the tumour necrosis factor family (BAFF) plays a role in the maturation, proliferation and survival of B cells and in T cell costimulation [6] [7] [8] . BAFF is produced by monocytes, macrophages, dendritic cells [9] , neutrophils [10] and cytokine-stimulated epithelial cells [11, 12] . Accumulating evidence suggests that BAFF plays an important role in the pathogenesis of immune diseases, including systemic lupus erythematosus (SLE), lymphoid cancer, Sjögren's syndrome and multiple sclerosis (MS) [11] [12] [13] [14] [15] . Recent reports showed that BAFF is also constitutively expressed at the transcriptional level in normal human brain [14] . In some diseases, such as MS or B-cell lymphoma with primary CNS involvement, BAFF protein is expressed by astrocytes in the brain parenchyma and in the perivascular area, and locally increased production of BAFF may contribute to B-cell focal survival [14] .
A previous report showed that IL-6 may be associated with slowly progressive NBD [4] . Therefore, we investigated cerebrospinal fluid (CSF) BAFF and IL-6 levels in patients with NBD, to determine whether they are associated with certain neuropsychiatric manifestations.
Patients and methods
Patients. Eighteen patients with BD (12 male and six female; mean age ± SD, 44.2 ± 13.9 years) who presented with CNS manifestations were enrolled in the study. All the patients previously had, or were concurrently showing, at least three of the four major symptoms of BD, that is, uveitis, recurrent oral aphthous ulcers, genital ulcers and skin lesions (erythema nodosum, folliculitis or subcutaneous thrombophlebitis), and fulfilled the International Study Group criteria for the diagnosis of BD [16] . The diagnosis of NBD was made at the Department of Rheumatology, Shimane University Faculty of Medicine, with care taken to rule out other differential diagnoses, including bacterial, fungal and viral infection of the CNS, cerebrovascular disease owing to atherosclerosis, metabolic disorders and other collagen diseases. As summarized in Table 1 , the time from the onset of BD to diagnosis of NBD ranged from 0 to 35 years. CSF samples were collected at the onset of NBD, and after diagnosis, all patients received immunosuppressive agents to treat the CNS manifestations. Depending on the response to therapy and their clinical course, 18 patients with NBD were retrospectively subdivided into two groups: (1) those with an acute disease course and (2) those with chronic disease course. Those with an acute disease course included 10 patients with transient neurological symptoms, such as meningitis and paralysis, who rapidly responded to immunosuppressive therapy. Those with a chronic disease course contained eight patients with neuropsychiatric symptoms, such as progressive psychosis and dementia, which persisted for at least 1 year after the start of therapy (Tables 1 and 2) . Of eight patients with a chronic course, three (Pt No. 11-13) showed only a partial recovery and five (Pt No. 14-18) continued to develop neuropsychiatric symptoms despite immunosuppressive therapy (Table 2) .
CSF and serum samples and ethics. All CSF samples were collected from patients with NBD (n = 18) with the aim of diagnosis or to estimate therapeutic effects, and informed consent was obtained from all patients. In 14 of 18 patients with NBD, repeated CSF sampling was performed after immune suppressive therapy, and CSF parameters were compared with those obtained before treatment.
Cerebrospinal fluid samples were obtained from the following patients as disease controls: 27 patients (16 males and 11 females; mean age ± SD, 30.1 ± 8.5 years) with epidemic aseptic meningitis (AM; possibly because of viral infection) and 24 patients (13 males and 11 females; mean age ± SD, 39.8 ± 12.9 years) with MS. All AM patients received conservative therapy, but no immunosuppressive therapy. The 24 patients with MS included 17 patients with remitting type, three patients with primary progressive type and four patients with secondary progressive type. After CSF sampling, all patients with MS received immunosuppressive therapy (oral glucocorticoid therapy or methyl-prednisolone pulse therapy).
Cerebrospinal fluid samples from 34 normal controls (17 men and 17 women; mean age ± SD, 55.9 ± 21.7 years) were obtained by conventional lumbar puncture during plastic surgery after informed consent.
Cell counts (normal; £3 ⁄ mm 3 ) in the CSF were measured using routine laboratory procedures. The CSF samples were centrifuged to remove the cell fraction and kept frozen at )70°C until use. Concentrations of BAFF and IL-6 were measured by ELISA. The study protocol was approved by the Ethics Committee of Shimane University Faculty of Medicine.
Serum samples were obtained from nine of the 18 patients with NBD (acute type; chronic type = 4:5) before the initiation of immunosuppressive therapy, and serum BAFF and IL-6 concentrations were measured by ELISA. Sera from 24 healthy individuals served as controls, although these individuals were not the same as those used for CSF controls.
Enzyme-linked immunosorbent assay (ELISA). The levels of BAFF and IL-6 in the CSF and sera were measured in triplicate using commercial ELISA kits (Bender MedSystems, Vienna, Austria, for BAFF; high-sensitivity IL-6 ELISA, R&D Systems, Minneapolis, MN, USA, for IL-6). The detection ranges were 0.31-20 ng ⁄ ml for BAFF and 0.156-10 pg ⁄ ml for IL-6. The intra-assay variability of the ELISA was <3%, and the inter-assay variability was <5%.
Statistical analyses. The Kruskal-Wallis test was used to compare BAFF and IL-6 concentrations in CSF from the four groups. The criteria for the post hoc test were adjusted using the Bonferroni correction. Pearson's correlation coefficient was used to ascertain whether correlations existed between any two parameters. Wilcoxon's test was applied for the comparison of the paired samples. A P-value of <0.05 was considered statistically significant.
Results
BAFF and IL-6 levels in the CSF and sera Figure 1A shows a comparison of BAFF levels in the CSF between the four groups (18 patients with NBD, 27 patients with AM, 24 patients with MS and 34 normal 634 CSF BAFF in Neuro-Behçet's Disease 
Dementia, psychosis 6 years later High intensity in the white matter controls). The Kruskal-Wallis test showed a significant effect between the groups (P < 0.01), and the post hoc test showed that the BAFF levels in the CSF of patients with NBD (mean ± SD, 6.4 ± 5.1 ng ⁄ ml; median, 6.2 ng ⁄ ml) were significantly higher than the normal control group (mean ± SD, 1.4 ± 1.2 ng ⁄ ml; median, 1.2 ng ⁄ ml), (P = 0.002). There were no statistically significant differences in the CSF BAFF levels between patients with NBD and the other disease controls, including AM (mean ± SD, 2.2 ± 1.4 ng ⁄ ml; median, 1.9 ng ⁄ ml) and MS (mean ± SD, 2.7 ± 2.6 ng ⁄ ml; median, 2.4 ng ⁄ ml).
Comparison of the CSF IL-6 concentrations in the four groups (Fig. 1B) showed the mean CSF IL-6 level in patients with NBD was 23.0 ± 59.0 pg ⁄ ml (median, 1.1 pg ⁄ ml), which was higher than that of healthy controls with a borderline significance (P = 0.008). Besides NBD, the post hoc test indicated significant differences between patients with AM (mean ± SD, 41.3 ± 88.9 pg ⁄ ml; median, 2.4 pg ⁄ ml) and healthy controls (mean ± SD, 1.1 ± 1.3 pg ⁄ ml; median, 0.7 pg ⁄ ml), (P < 0.001) and between patients with MS (mean ± SD, 20.5 ± 73.6 pg ⁄ ml; median, 2.2 pg ⁄ ml) and controls (P < 0.001).
Serum samples were obtained from nine of 18 patients with NBD (four with acute course and five with chronic course) before the initiation of therapy. There was no difference between serum BAFF levels in patients with NBD at diagnosis (mean ± SD, 7.9 ± 7.6 ng ⁄ ml; median, 5.5 ng ⁄ ml) and control subjects (mean ± SD, 10.5 ± 4.8 ng ⁄ ml; median, 10.2 ng ⁄ ml). There was also no difference between serum IL-6 levels in patients with NBD (mean ± SD, 41.8 ± 59.5 pg ⁄ ml; median, 15.2 pg ⁄ ml) and control subjects (mean ± SD, 36.7 ± 63.9 pg ⁄ ml; median, 15.8 pg ⁄ ml).
Association of CSF BAFF levels with serum BAFF level and CSF cell parameters in NBD As shown in Fig. 2A , no significant correlation was detected between CSF and serum BAFF levels in patients with NBD whose sera were available (n = 9, r = 0.45, P = 0.22). Next, we examined whether CSF BAFF levels correlated with the intensity of inflammation estimated by routine CSF cell counts in patients with NBD. CSF BAFF levels did not correlate with CSF cell counts (r = )0.29, P = 0.34, Fig. 2B ). Furthermore, no association was found between CSF BAFF and CSF IL-6 levels in NBD (r = 0.06, P = 0.82, Fig. 2C ). In contrast, IL-6 levels significantly correlated with CSF cell counts (r = 0.59, P = 0.009, Fig. 2D ).
BAFF levels in patient with NBD grouped according to clinical course
Patients with NBD were subdivided into two groups depending on their response to therapy: 10 patients with an acute course who responded to immunosuppressive therapy and eight patients with a chronic course who presented psychosis and dementia. As shown in Fig. 3A , CSF BAFF levels at diagnosis were significantly higher in patients with a chronic course (n = 8, mean ± SD, 10.2 ± 4.0 ng ⁄ ml; median, 10.4 ng ⁄ ml) compared with those with an acute course (n = 10; mean ± SD, 3.9 ± 4.2 ng ⁄ ml; median, 2.7 ng ⁄ ml, P = 0.015). .............................................................................................................................................................. .... Table 1 , and CSF samples were obtained by repeated lumbar puncture after immunosuppressive treatments in six of 10 NBD patients with an acute course and eight NBD patients with a chronic course. Fourteen paired CSF samples were obtained before and after therapy. In NBD patients with a chronic course (n = 8), BAFF levels significantly decreased from 10.2 ± 4.0 ng ⁄ ml (median, 10.4 ng ⁄ ml) to 6.2 ± 3.6 ng ⁄ ml (median, 5.9 ng ⁄ ml) after therapy (P = 0.012, Wilcoxon's test, Fig. 3C ). In NBD patients with an acute course in whom paired samples were obtained (n = 6), BAFF levels at diagnosis were not different from those after treatment (mean ± SD, 3.5 ± 5.2 ng ⁄ ml; median, 0.31 ng ⁄ ml versus mean ± SD, 3.5 ± 4.9 ng ⁄ ml; median, 0.31 ng ⁄ ml), (Fig. 3C) . As shown in Fig. 3D , there was no difference between CSF IL-6 levels at diagnosis and after therapy, either in patients with an acute course (mean ± SD, 23.0 ± 32.9 pg ⁄ ml; median, 7.9 pg ⁄ ml at diagnosis and mean ± SD, 1.5 ± 0.9 pg ⁄ ml; median, 1.1 pg ⁄ ml after therapy) or with a chronic course (mean ± SD, 1.2 ± 0.6 pg ⁄ ml; median, 1.0 pg ⁄ ml at diagnosis and mean ± SD, 1.1 ± 0.5 pg ⁄ ml; median, 1.0 pg ⁄ ml after therapy).
All 18 patients with NBD received immunosuppressive therapies as summarized in

Discussion
The results from this study showed that BAFF levels in CSF were elevated in patients with NBD, and were independent of serum BAFF levels. It should be noted that NBD patients with progressive CNS manifestations such as psychosis and dementia showed significantly higher CSF BAFF levels compared with those with acute and transient CNS manifestations.
Although the pathogenesis of NBD remains unclear, elevated CSF levels of inflammatory cytokines such as IL-6, IL-8 and IL-15 have been reported [4, 5, 17] . Interestingly, the elevation of pro-inflammatory cytokines is associated with acute CNS inflammation, such as meningitis [5] . In the present study, elevated BAFF levels were associated with NBD that presented with slowly progressive CNS manifestations. Analysis of CSF IL-6 levels demonstrated significantly higher levels in the patients with NBD, AM and MS compared with healthy controls (Fig. 1B) . CSF IL-6 levels correlated with CSF cell counts, but no correlation was found between CSF BAFF levels and CSF cell counts. In addition, there was no association between BAFF and IL-6 levels. Therefore, IL-6 levels in NBD might reflect acute inflammation within the CNS caused by the presence of inflammatory cells, although the elevated levels may not be specific to the disease. In contrast, increased BAFF may indicate a distinct disease state.
The key questions relate to the source of BAFF within the CNS and the contribution of BAFF to the pathogenesis of NBD, particularly in patients with progressive disease. Increased CSF BAFF levels did not correlate with serum BAFF levels or CSF cell counts, suggesting BAFF may be produced within the CNS of patients with NBD. With respect to CNS , multiple sclerosis (MS) and healthy controls were measured by ELISA. CSF BAFF levels were significantly higher in patients with NBD (mean ± SD, 6.4 ± 5.1 ng ⁄ ml; median, 6.1 ng ⁄ ml) compared with healthy controls (mean ± SD, 1.4 ± 1.2 ng ⁄ ml; median, 1.2 ng ⁄ ml). The Kruskal-Wallis test showed a significant main group effect (P < 0.01), and the post hoc test showed that BAFF levels in NBD were higher than those in the healthy control group (P = 0.002). There was no significant difference between the patients with NBD and the disease controls including AM (mean ± SD, 2.2 ± 1.4 ng ⁄ ml; median, 1.9 ng ⁄ ml) and MS (mean ± SD, 2.7 ± 2.6 ng ⁄ ml; median, 2.4 ng ⁄ ml). Results are shown as box plots. Each box represents the 25th and 75th percentiles. Lines outside the boxes represent the 10th and the 90th percentiles. Lines inside the boxes represent the median.
(B) CSF IL-6 levels in patients with NBD (mean ± SD, 23.0 ± 59.0 pg ⁄ ml; median, 1.1 pg ⁄ ml), healthy control subjects (mean ± SD, 1.1 ± 1.3 pg ⁄ ml; median, 0.7 pg ⁄ ml), patients with AM (mean ± SD, 41.3 ± 88.8 pg ⁄ ml; median, 2.4 pg ⁄ ml) and patients with MS (mean ± SD, 20.5 ± 73.6 pg ⁄ ml; median, 2.2 pg ⁄ ml). The Kruskal-Wallis test showed a significant difference as indicated. The post hoc test indicated CSF IL-6 levels in NBD were elevated compared with those in healthy controls with a borderline significance (P = 0.008), and CSF IL-6 levels in AM and MS were significantly higher than those in healthy controls (NBD; P = 0.008, AM and MS; P < 0.001).
autoimmunity, a previous study in patient with MS showed that the main source of BAFF is brain glial cells, particularly astrocytes. Furthermore, cytokinestimulated astrocytes produced higher levels of BAFF than activated monocytes or macrophages [14] . Therefore, similar to MS, astrocytes in the CNS lesions of patients with NBD may also secrete BAFF. The contribution of BAFF to the pathogenesis of NBD is still unknown. In MS, the contribution of B cell-mediated immune responses is suggested because of the presence of oligoclonal bands and B cells and plasma cells in MS plaques [18] [19] [20] . However, the involvement of B cells in the immunopathogenesis of NBD is unclear, although oligoclonal bands have been detected in the CSF from some patients with NBD [21, 22] . Additionally, oligoclonal B-cell expansion in the synovium of a patient with BD has been observed [23] . These data suggest that B cells may play a role in the pathogenesis of NBD. Another possibility is that local BAFF production within NBD lesions may promote T cell activation, as BAFF is a costimulatory molecule for T cells [6, 7, 24] . Immunohistochemical analysis examining BAFF-and BAFF-receptor-expressing cells within NBD lesions would be helpful in further elucidating the role of BAFF.
Recent reports from experimental models highlight the possibility that inflammatory processes and cytokines in the brain contribute to the pathogenesis of mood disorders [25] . BAFF transgenic (Tg) mice show chronic inflammation in the CNS, impaired neurogenesis and an increased anxiety phenotype [26] , similar to common clinical symptoms in NBD patients with a chronic course.
Immunosuppressive therapy influenced CSF BAFF levels in the present patients with NBD. All eight NBD patients with a chronic course underwent repeated CSF examination, and CSF BAFF levels significantly decreased after therapy as shown in Fig. 3C (from mean ± SD, 10.2 ± 4.0 ng ⁄ ml to mean ± SD, 6.2 ± 3.6 ng ⁄ ml; P = 0.012, Wilcoxon's test). This observation indicates immunosuppressive therapy would partially suppress BAFF production. However, it should be noted that NBD patients with a chronic course showed high CSF BAFF levels even after immunosuppressive treatment when compared with those in healthy controls (mean ± SD, 6.2 ± 3.6 ng ⁄ ml versus mean ± SD, 1.4 ± 1.2 ng ⁄ ml, P < 0.001). Sustained elevation of CSF BAFF levels reflect persistent CNS inflammation or damage and might play an important role in the pathogenesis of progressive neuropsychiatric manifestations in NBD. This might be consistent with observations that NBD patients with a chronic course generally show poor responses to any form of immunosuppressive therapy. Thus, CSF levels of BAFF may be a good prognostic marker for NBD, especially in patients with a chronic disease course. . CSF BAFF levels were significantly higher in patients with a chronic course (n = 8) compared with those with an acute course (n = 10), (mean ± SD, 10.2 ± 4.0 ng ⁄ ml; median, 10.4 ng ⁄ ml versus mean ± SD, 3.9 ± 4.2 ng ⁄ ml; median, 2.7 ng ⁄ ml, P = 0.015). (B) CSF IL-6 levels were not significantly different between patients with a chronic course and those with an acute course (mean ± SD, 31.5 ± 86.0 pg ⁄ ml; median, 1.0 pg ⁄ ml versus mean ± SD, 16.2 ± 26.7 pg ⁄ ml; median, 1.1, P = 0.65). (C) Of 18 patients with NBD, 14 (eight patients with a chronic course and six patients with an acute course), paired CSF samples were obtained before and after therapy. In NBD patients with a chronic course (n = 8), BAFF levels significantly decreased from mean ± SD of 10.2 ± 4.0 ng ⁄ ml and median of 10.4 ng ⁄ ml to 6.2 ± 3.6 ng ⁄ ml and 5.9 ng ⁄ ml after therapy, respectively (P = 0.012, Wilcoxon's test). Of six of NBD patients with an acute course whose sera were available, BAFF levels at diagnosis were not different from those after therapy (mean ± SD, 3.5 ± 5.2 ng ⁄ ml; median, 0.3 ng ⁄ ml versus mean ± SD, 3.5 ± 4.9 ng ⁄ ml; median, 0.3 ng ⁄ ml). (D) Changes in CSF IL-6 levels before and after therapy. There was no difference in CSF IL-6 levels between time of diagnosis and after therapy, both in patients with an acute course (mean ± SD, 23.0 ± 32.9 pg ⁄ ml; median, 7.9 pg ⁄ ml at diagnosis and mean ± SD, 1.5 ± 0.9 pg ⁄ ml; median, 1.1 pg ⁄ ml after therapy) and in patients with a chronic course (from mean ± SD, 1.2 ± 0.6 pg ⁄ ml; median, 1.0 pg ⁄ ml at diagnosis to 1.1 ± 0.5 and 1.0 pg ⁄ ml after therapy).
